Background: Proximally based, pedicled flexor carpi ulnaris (FCU) muscle flap has been described previously for soft tissue coverage of the proximal forearm and elbow. No studies have been done on the distal muscular perforators and its use as a distally based flap. Methods: Ten fresh-frozen cadaveric dissections were done. Specimens were injected with latex to facilitate identification of the perforators. Distal muscular perforators were dissected and distances of the pedicles from the distal wrist crease and ulnar styloid were measured and recorded. A clinical case is also presented where a distally based FCU muscle flap was used for coverage in a patient with median nerve neuroma. Results: A distal muscular perforator and a second more proximal perforator were identified in all specimens. The average distance from the most distal muscular perforator to the ulnar styloid was 3.0 cm. The average distance to the wrist crease was 4.6 cm. The more proximal perforators had an average distance to the ulnar styloid and wrist crease of 7.3 cm and 8.8 cm, respectively. At 7 months post-op, the patient who underwent median nerve neurolysis and coverage with pedicled FCU flap had much improved sensation, with complete resolution of pain and tingling, and without any functional deficits. Conclusions: The use of a distally based FCU muscle flap is a good option for soft tissue coverage of the distal forearm, wrist, and hand. The distal muscular perforators from the ulnar artery exhibit a relatively consistent anatomy.
Introduction
Soft tissue anatomy of the forearm and hand is complex. Injuries that produce soft tissue defects can result from trauma, tumor extirpation, or complications from previous surgical interventions. The literature describes many different flaps in the forms of pedicled fascial and fasciocutaneous flaps, muscle and musculocutaneous flaps, or even free flaps. 5, 10 Other times, flap coverage is needed to counter scarring such as in cases of nerve injury and recurrent carpal tunnel syndrome. Various options such as the tenosynovial flap or hypothenar fat pad flaps have been studied. [2] [3] [4] 17, 18 The flexor carpi ulnaris (FCU) muscle resides in the ulnar forearm. It is innervated and supplied by the ulnar nerve and artery, respectively. Several authors have previously reported the vascular anatomy and use of FCU muscle for soft tissue coverage of the proximal forearm and elbow. 1, 6, 9, 11, 13, 14, 16, 19 When employed, the pedicled FCU muscle flap is rotated based on proximal dominant muscular perforators. A distally based FCU muscle flap for coverage of the wrist and hand has never been described in the literature.
In this study, we aim to demonstrate the vascular anatomy of the FCU muscle in terms of its distal muscular perforators from the ulnar artery. In addition, we report the use of such a flap in a clinical case for a patient who presented with previous median nerve laceration and developed neurological symptoms similar to recurrent carpal tunnel syndrome.
Methods

Anatomical Dissection
The study was approved by the institutional review board (IRB). Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines were followed. Ten fresh-frozen cadaveric specimens were used for this study. To facilitate visualizing the perforating vessels, the specimens were flushed with saline and 3% ethyl alcohol and then injected with blue latex via the brachial arteries. The specimens were then kept within a cooler for 2 weeks prior to dissection.
At the start of the dissection, a volar longitudinal incision was made along the FCU muscle. The skin and subcutaneous tissue was then reflected by raising flaps in both ulnar and radial directions. The antebrachial fascia was then incised along the radial border of the FCU muscle. The FCU muscle was then reflected in a distal to proximal and radial to ulnar direction. Meticulous attention was paid to identify and protect any perforators seen from the ulnar artery. Identified muscular perforators were carefully marked and their distances from the distal wrist crease and ulnar styloid were measured and recorded. The muscle flaps was raised centered on the identified muscular perforators while sparing the FCU tendon to preserve function by harvesting the distal muscle belly and leaving the tendon attached to the proximal musculature. The reach of the distally based muscle flap was noted.
Clinical Case and Operative Technique
A retrospective chart review was performed. The patient's clinical presentation, indication for surgery, and operative technique were described. Follow-up results was also collected and reviewed.
The patient was a 55-year-old right-hand-dominant male who experienced a median nerve laceration 5 years prior as a result of an industrial accident. The nerve was repaired at the time of injury at an outside institution. He subsequently presented to us complaining of difficulty using his dominant hand with diminished sensation and painful paresthesias of the radial digits. On physical examination, he had an exquisitely tender scar over the volar wrist, and a strongly positive Tinel sign was elicited over the site of previous nerve repair.
Surgery was performed under tourniquet control with 3.5x surgical loupe magnification. Upon exploration of the wrist, a large bulbous neuroma was encountered immediately below the skin surface measuring 0.75 cm in length ( Figure 1 ). Neuroma excision and complete neurolysis of the median nerve was performed. To provide coverage of the median nerve, dissection was easily carried ulnarly toward the FCU muscle, reflecting the FCU muscle belly in a radial to ulnar direction. A large muscular perforator from the ulnar artery approximately 3 cm proximal to the ulnar styloid was identified. A pedicled muscle flap was then designed to center on the perforator. The radial two-thirds of the muscle belly was dissected and released from the FCU tendon. Tourniquet was released and brisk bleeding was seen at the muscle edges. The flap was then easily rotated into position, providing adequate coverage for the median nerve without sacrificing FCU function (Figure 1) . The patient was placed in a short wrist splint postoperatively, and gentle range of motion exercises were initiated on postoperative day 3.
Results
Anatomic Findings
A distal muscular perforator arising from the ulnar artery was present in all specimens. A second more proximal perforator was also identified in all specimens in our study (Figure 2 ). The average distance from the most distal muscular perforator to the ulnar styloid was 3.0 cm, with a range of 2.6 to 3.5 cm. The average distance from the wrist crease was 4.6 cm, with a range of 4.0 to 5.5 cm ( Table 1 ). The next more proximal perforators had an average distance to the ulnar styloid and wrist crease of 7.3 cm (range: 6.0-8.5 cm) and 8.8 cm (range: 8.0-10 cm), respectively ( Table 2 ). Based on the most distal muscular perforator, a pedicled muscle flap can be designed and rotated to cover the distal forearm and wrist, and all the way to the base of the thumb (Figure 3) .
Clinical Results
Postoperative range of motion exercises were initiated on day 3. The patient reported complete resolution of pain and tingling by 4 weeks post-op. When last seen 7 months from the date of surgery, the patient continued to do well with significantly improved sensation to the median nerve innervated digits. He denied volar-sided wrist pain or Tinel sign at the site of neurolysis and was very satisfied with the outcome. There were no subjective functional deficits from harvesting the distal FCU muscle belly.
Discussion
The FCU muscle originates as 2 heads. Its humeral head originates from the medial epicondyle while its ulnar head originates from the posterior border of the proximal ulna and medial side of olecranon. It is the most powerful flexor and ulnar abductor of the wrist. 13 The muscle belly/tendon travels superficial or volar to the ulnar nerve and artery from which it derives its innervation and vascular supply. The tendon inserts distally on the pisiform, the pisohamate, and pisometacarpal ligaments. 13 The dominant proximal vascular pedicle has been studied and mapped in several previous studies. 14, 16 Based on its proximal dominant pedicle, the FCU muscle has provided soft tissue coverage in the proximal forearm, elbow, and distal arm. 1, 11, 14, 16 A distally based FCU muscle flap has never been reported in the literature. However, we know that FCU muscle also receives segmental blood supply from the ulnar artery along the length of the muscle. 13 In our study, we were able to demonstrate consistent muscular perforators arising from the ulnar artery distally from which a pedicled FCU muscle flap can be harvested. Being segmental perforators, the entire proximal portion of the FCU muscle cannot be harvested. However, a significant portion of the distal FCU muscle belly may be centered and harvested around the distal perforators. When rotated, this pedicled flap can provide coverage to the wrist, proximal palm, and thumb ( Figure 3) .
As the FCU is the most powerful flexor and ulnar abductor of the wrist, harvesting the entire muscle as a pedicled flap can decrease the flexor power of the wrist and weaken the essential "dart throwing" motion of the hand. Although some authors reserve its use for exceptional cases, others have demonstrated that patients are able to perform all activities of daily living without the FCU muscle. 13, 15 Furthermore, there are also case reports of splitting the FCU muscle during harvest to preserve its function. 7, 9, 19 During harvest of a distally based FCU muscle flap, we harvest only the most distal portion of the muscle belly. The proximal muscle belly and tendinous portion of the FCU remain intact, thus preserving its native muscle function. Finally, one should take care to preserve the fasciocutaneous perforators from the ulnar artery to the ulnar forearm flap when dissecting the FCU muscle so that ulnar forearm flap will still be available at a later time if the need arises.
In the clinical case we presented, the distally based FCU muscle flap is used to provide coverage of the median nerve in a patient with median nerve neuroma and carpal tunnel symptoms. Studies have described various pedicled muscles, fat, synovial flaps, and even free flaps in the past for coverage of the median nerve in severe recalcitrant carpal tunnel syndrome. [2] [3] [4] 8, 17, 18 To our knowledge, no previous 4.6 ± 0.6 3.0 ± 0.4 reports have described using the FCU muscle for this purpose. We believe a distally based FCU muscle flap provides another option for this type of coverage. It has the advantages of easily identifiable perforators and ease of flap dissection. The harvested flap also effortlessly covers the median nerve at the level of the wrist without any undue tension. Furthermore, in the case of recurrent carpal tunnel syndrome, the surgical incision is commonly extended proximally to the forearm. Thus, harvest of a distally pedicled FCU muscle flap requires no additional incisions. A limitation to the distally based FCU muscle flap would be its size restriction. As it is based on distal segmental perforators, the large proximal muscle belly cannot be harvested with the flap. A limitation of our anatomic study is the relatively small sample. Although the distal segmental perforators are consistently present in our cadaveric dissections, anatomical variations may exist in some patients that preclude the use of this flap. In terms of the utility of this flap in patients with median nerve coverage, we believe the clinical outcome should be comparable with any other muscle flaps that have been described previously. 12 However, we cannot draw any conclusions on how it compares with fat or synovial flaps.
Conclusion
In conclusion, we found that a distally based FCU muscle flap can be consistently harvested on its distal segmental pedicle from the ulnar artery and provide soft tissue coverage to the distal forearm, wrist, and hand.
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